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FOREWORD

This report is the result of experiments performed by Charles W,
Eriksen under contrect No. AP 33(038)-226k2

22642 at the Institute for Coopera-

tive Reacarch, The Johas Hopkins Thilversity. The contract was initiated

urder a project idantified by Research end Devclopment Order Nos. 69h<hs,

- yuvv&vr

Presentztion of Dats on Radar Scopes, ani 694-i43, Humsn E'ngineering
Analysis of Multiple Operator Air-Ground Systems, and was administered
by the Psvchology Branch of the Aerc Mzdical Laboratory, Directorats of

Research, Wright Air De "‘-’opmeut Center, with Jullen M. Christensen
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ABSTRACT

The present report deacrihes o seric" P S,
of various condit;one cf display upon

ATV ~-na. AQ‘O
(444843 -l

ect
time reguirea ¢
1] “h

¢ om

e i, Al
locate a constant number of signais 1n a uguare digplay s deformined hera
(1) the number of irrele'mnt sigrsls wags varied from 10 Lo 70, and {2} wren

the number of partitions cf the display wes varied by the use of grid lines,

Grid lines were used to partitics the dizplay intoa 2 x ¢, a 13 x 13, and a
16 x 16 matrix,

The results shcw

that search time iancreases both when the rumber of
irreievant gizmzls is incr

creased and wien the numher of partlticns 1s iacreased.
An explanation wis advanced for these effocis in terms of the

fixations required for signal ldentification and tke use thst ch3ervers =»akc
of gdd Ynes in thelir plan of zearch.
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I. INTRODUCTICH

In the military setiing, visual displays are used for a number of purposes
varying from recognition of ground return in redar to the assimilation of
informetion from p\n_tjnc bosrds. Irrespective of the task, in most cases
there is a neid for rapid acceurate identification or Jocation of peariticuiar
cbdscts v signels in the display. The present study is concerned with certain
perceptual proolems involved in the visual display of information, particuisrly
with reference 0 the task «f visual search,

i fronting the obgerver is one
of visual search. H tc scan the disgpley in ordser
€t dateot the rresen 3 s - slmls or other encoded
nformation. in this task the ar ure of cnaracteristics of the percsptual
£ield {display) may ve expected to 1nf1uence hig performance, Frevious reazarch
(1), for exampie, hae shown that the heterogeneity of the rield in tarme of

such vigual dimensiocne s hue, form, size and brightness is a significant:
factor in sezrch time., Search time, in genersl, wes Tound to incresse with
increasing hatercgeneity of the fieid,

In addition to heterczenreity orn various dimensicme a 3isplsy or percepiual
field cas vary in terms of other characteristics, One of fh.se e tnha numbesr
and dizTerent kirnds of informatior It coatains-=that i, how much blank or
unoccupied spesce there is in the display. A display may be virtuslly saturetad
with sigusls or the sigznals may be few i: rumter and widely scattered throughout
the display. Perceptually we may consider thig variable as relating to the
ratio of figure to ground and v= adght exucch thet the speed “rith wiich an
observey can scan the display in search of uprcified siguals would be sf?scted
vy this waiioc, :

Tisplays slsc vary in the nature) or artificliel subedivisions or parti-

tionings { exist in them, In meny displays grid lines or coordinetes sre
Yo < 1ition the Alzpley. While theae grid iines may bhe helpful in

pecityiag the location ¢f a signal, their effect upon sperd and accuracy of

The purpose ¢f the present experiment was ¢ determine the efient upon
visurl sesrch time of three mrishles; ssturation, partiticoning, and search
area. Speed of visual siars.; a3 measurea by the itias 3t togk & supjact Lo

locate a constant number of sxgna;s in & diszle v, was determined when tre
foliowing factors were varied: (1) the numbe™ of con-terget signais in the
tisplay; (2) the number of partitioans of ike disvlay wes increaged or dezoressnsd

by the use ¢f grid linee; a&nd {3) the u~tel area of seav:h.
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Joperatus, A squarc digpiay, perpencéicuiar to the subject's line of
sight, was used. The center of the display was 60 iz, from the floor., It

was painted a 7lat white in color and was ruled off inte esgusl-gized
martitions by the use of L/¢6-1n. black lines. A gquarter-inch elecircide
wvas located at the bottom of eacn of the psrtiticns and 2 tiny hook st the

top. The aumber of partitions and the area of the display were varied in
the exneriment. A sliding panel was uced to hide the displey from +}

- e - el v e
subject, Wheu a catch was relcoced; the ponel dropped giving the

a full riew of the display., The aroppxng panel also tripped a micr
-eda 2

To8
which in turn activated an electric timer, The subjJect located objects in
PR §

the Adigplay by fouching o gtviuse to the electrods in the propar pa

as mounted on the back of the displey vhich provided
ronnections with each of the electrodes on the face. Then telephone Jjacks

cculd be plugged :nto these connections 8o as to ovtein any desired pattern
of ten electrodes, These Jjacks were connmected tu a system of relisye, Which
were tripped whenever the subject touched the stylus to the correspomiing
electrode, Whaen all ten relays had been iripped, in any order, iney com-
pleted 8 circult which stopped the timer.

The signzls placad in the diesplay were cut out of a dark grey cardboard
They were of three shapes; triangles,; squares, erd dismonds, All were of »
constent size 718-1n. on their meximum verticel and horizontal dimernsions.
Ten triaug_cs ware always used as the target sigrals and the number of sguares

and diamonds piacad in the display was variecd experimentailiy.

Subjects. A total of 36 students at The Johns Bopkins Juiversity was
used, 20 msles and iS5 females. No attempt was madc to control for sex
differences sipce « previous study invoiving a similur tssk {?) had shown
nG evidence f sex difference on thic type of perceptuzl-motor task,

Dﬂsigu. The three experimental varisnplies in thic study were Aisplay
satursiica or the number of objects placed in the  3isplsy, partifioning of
the dispiay by the uae of grid lines, and the diepisy arec, For the satura-
tion variahle; the subject ¥as regquired to loca. s

e Q&s*lay contained a totzl cf 2¢, 40, 50, sad 8
varied by ‘uxﬁng the display off into a9 x 9, » 1
by the use or 1/10 =in, wide .ire

D R e 4=

A §

ihie ten target objscts when
0 eigmals, Particvionirg was
2 x 13

, and a 15 x 18 matrix
a

Thers zre Lwo ways in Which we can vary the nusber of mpartitions i
display. Ome i3 tc held constant the area of the display =zs wc vary the
mmnor of periitisne. In this cese the size of the iadividual parﬁ*tio
vary, The otner wethod is te Lold constant the size of tho indivi e
tious, buc aliow the total area of the display to vary. Tn ths © nt

study both methods of varying the nmumber of partitions were used. This wes

the
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accorplished by using three d4ifferent lisplay aress, 15, 2L and 32 1in
square. Thus it was possible Lo compare differences erWPen nugther of
tions when a constaav=giszed dispiry <as used and alsc when the size of
partiticns in the display was xept conetanrt

T cmom 3

—_— = w2
< Lz an E,cq.
<+

The thvee experimental v ina 3= x 3 fact
design. Twelve subjects wer i to each of the three display
slzes, Each subje:zt was tes ce& under each of the 17 combinations of ihe
three different partitd oniw"' z2nd the four saturetinsns., Within each 2isplay
size, the order in which subjects were tested on the various combinations
ci{ saturatione and partitioning was counterbalanced in a latin squere design.

Subjects were run individually. They were instructed to lo~ate the
triangles in the display as rapidly as possible by touching the stylus to
the electrode in the partiticn whzre the triangles were placed. In order to
eliminate cne gource of error, subjects were iusiructed to count the triangles
so as to be sure that they had located all_ten. The subjects' score wes the
time reguired toc lccute the ten triangles.-—/ Search time was wmeasured to the

hundredth of a gecond. HAll subjects kad received extensive vractice on a
similar tesk prior to bep‘rning the experimental trials.

A
wen

There were aiways ten target signals in the display. They were located
among the partitions in the disnlay eccording "o 12 patterns. Thesz patterus
haé been selecizd to meet the Following criteria: (1) No two tarket =’gnals
were to be in adjacent partitions. and (2) st least one target signal was tc
occur in the top tws rows of the digpley and et lenst one in the bottom row.
Within displey sizes, the 12 patterns were varied among the 12 ccmbinations
of the different numbers of partitlions and saturations in a latin squsr2
different from that used for counterbalancing subjects sc “hat no sub ject
obtained the saue pattern twice,

ITI., RESULTS

Ates

h cih times obtainei under the verious treatment conditions we
ed to & mcdified four-wsy analysis of variance (saturetion, partit
size end i d*viaua;s) A summary cof this analysis is showmn in T

1/ Although srrors werc recorded they were so very rave that no snslysis of
them was zerited.

2/ ‘e method of analysis is identicsl with thet deseribed by Lindquist (4)
Snder Fien VI. The search times were examined for evidencs of skewed distribu-
tione., but thev uppesred from evamination to be relatively normal. In view of
this nd 3150 teking int. conzideration the report {5) that uoderate departures
normality have littlc effect upon sigrificance levels, 1t was considerad
unnecegsery to uee a logarithmic or reciprocsl iransformmtion on the iime pooraes,

Rartlett is test wher applied to the date offered -0 basis £~ rejecting the null
hypotnesis that the veriances were homogeneous,

C

"b
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Qmmiary of the Apmlvain o Verience

: an
Source Sum of Squares d.1, P -atio
Total 968k .1 431
Digplay saturaticn L2675 1 Jhz2.5/12,3 5 117.2n0
Display partitions 579.7 2 289.9/16,7 = 17.3%%
Display areas £55.5 2 29k.2/61.9 = b B
Subjects 2002.7 i3 1.9/
saturation x partitions 1.k 5 15.2/8.5 s 1.78
Saturation x ares k7.5 6 7.9/12.1 = .65
f Partitics x area 1,1 " 3.5/16.7 = .21

Saturation x paxtiiticus

: x area £0.5 i2 3.4/8.5 = .36
3 Witnin Suvjects Ercor Tarms
Pocled subjects by saturatios 1201.7 92 12,1/
Pocied subjects by psriitions 1202.8 66 16,7/
Pooled subjecte by saturations
» ~ 7 A ~ e
% by partitions iAdfa.s ’ 198 8.5/
: Coamposite within subject error  3992.5 363 % B
.l s
t
i %% Siguificance teyond tha 001 lsval
: % Significance bayond tbe ,05 level
i
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o this tadle i

+ can be seceu thet twoc of the sxpsrimentel verishles,
saturation and meriitioning, were significant beyond the .00l lievel of ccnfi-
tience, and the thira varisbls, display aree, was significant at the .09
lzvel, However, ncue of the interacticae between these three varissles
sorroached significance. Tavie 2 prescnts the moan cserch times far the
various combinations cf saturations and psrtitions for esch display ares.

It will he nated that ineremaing tha asturation or tie number of sirmals in
the dispisy leads (o izacrease in gearch time. Alss the more the display is
partitioned off by the use of grid lines, the longer is the time required foi

locating the target signals.

These effects can be more readily perceived graphicsally, 1In Figure 1

& 1 time has hesn plotted as a fimction of disnlav saturations an2 number
of partitions, yearch time has been averasged through dispiay areas, As is
apparent; sesrch time increasec monotenically as the number of non-target
ignels in the display incieases. In fact, the funciion weuld appesr o he
inear . hut the points ere too few in number to indicate the exact shape of
-he function. 1% can also be seen from thiw g*aph thet ceaichr time is less
when the display hus the minimum number of martitions, The 9 x ¢ partitioning
results in the quickest search for all s:tu:a**c** end the 16 x 16 the giguest,
This latter affest ie further iljustrated in Figure 2 where s=arcihh tin: bhas
been plotted as a function of the number of pariiticns in the displey snd the
display area.

From Figure 2 it is upparent that the relation between search time and
total gesrch area is not & monotonic one, Thre s8lowest location is ohtained
with the 24 in. square display. On the other hand, location is nearly as
rapid with the 32 in. square as it is with the 18 in. one.

ons or cells in the

&z w=z pointed cut ebove, when s diaplev ie partiticoned 0i7 into a greater
number of areas; the size of the individvai partltionr or cells is deoreased.
It is concaivable, therefore, that the differences in search time oblained
wion fifToring numbers of portiticne ma: he dse to incressing difficulty in
ideatifying or Giszriminating a signel in & smaller partition. As a check on
this possihility, the three dispiay sizes were so chogen that the partitions
resulting from the Q x O partitioning of the egmallest display were the same
size as the celis resulting from the 13 x 13 partitioning of the middie sized
dsispliay and the 16 x 16 partitioning of the largest dispiay. The failure to
obtain a significant interaction between the three experimental variables
indicates that the effects upon zearch time due to partiticaing cannct be
agscribed tc the varying size of ithe individual partiti

display,

This can be clearly seen from Figare 2. 1f the effects upon search time
Gue to the “Lmber of partitions was sclely the result of the smaller size of
the cells; it would b& expected that the eearch time for the 9 x ¢ partitioning
of the 18 1n. mairix, the 13 x 13 gartibioning cf the 24 in, matrix and the
16 x 16 partitioning cf the 3 in, matrix Lo be spfroaiantcly zgual coveent for
a slight difference resulting from differences in totel gesrch area. Compa‘ison
of these three points in Figure 2 ghows that increases in seavch tims ossocliatsd
with increases in the number of partitions is much Lreater than csn be attri-
tuted o differences in the total search urea or size of the dispaay.

WADC TR Sk.161 .
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Table 2

Mean Ssazch M=o in Sesondsg for Differeni Ssturations,
Fertitiomes and Diyplay Ares

;;;;;-;A Saturailon {mmber off obiestr in dispiay;
2 % 50 %0
18 im, lquam display
9x 9% 8.82 10,82 13.58 16.55
12 » 12 .53 13.55 15,83 18,90

5
v
[
[0,
)
$8 &
ot
%
[ ]
g ¥

16,98 19.95

2k in, squevrs 4% =giny
5x 9 13,57 13.9% .20 . 19,85
i B K n.As 15 1 18,08 < - 4

| 16 x 36 2.7 16,05 20

b2
B
2

»

. 12 tn. sguavs deplay
9x9 9. 7% 12,99 13.79 15.79

-
W
i
)
e
W)
(=]
L ]

-3
-

13.16 16,k 18 Lk

N

p..l
N
2
]
#]

- e - A -
13,58 13.90 18,20 14,45
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Figure 1, Jsarch time a8 a function of alépig) s>uurzticon znd par

titl 4.
Search time hgs heen averaged through the three dispiay areas 2ud cach point
is the mesa for 3§ sublects,
z.’.g»
i A= =X 288 PARTITIONS
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giiws 2 Aee an & Tunation of displeay vartitioning and ares, Sosevpeh
time has been averaged througia saturations and each point iz the mean of LR
scoires on eech of 12 subjects.
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The raeulta arczented sbove can be oriefly summarized ws I{oilows:

{1) As the number of signals or objzcts in the display was incressed, the

time required for the vieual location of = constant pumber of specific signals
3¢ ipcresseed; (2) vwhen the visual field or displasy was partitioned intc

81, 169, aud 256 equal sectors by the use of arili lines, the speed of wisual

search decrogsed ¥ith the increase in the number of partitions; end (3) =s

the zize ¢f the a<=m153 or search area was varied, i* wos fzoond that viszual
search was mest efficient when the search area was 18 and 32 4n, square and
least effective when 24 in. saquure,

The first of these findings agrecs guite well with our intuitive expecta-

tions., It seems ressonable that it would be more Aifficult to locate a parti-

cuiar sbject or oujecis when Lhe number of cbjecta smong which they were inter-
spersed Was lucressed. In the preseat cass it would Sppesr that this =fPfant
can be expliainsd or undersiood in terms of thie nwmier of visual fixations
reguired for the accomplishmert of the t2sk, Here the tria on were easily
discriminabls from the sguares end diaunonds as indicsted by the feet that
subjecte rarely made an erTor by tounhing the siylus to the el=actrcde beneath
an incorrect signai. While peripheral vision is adequate for detecting the
pregence of a signal. against the display field, 1t wowld apprar thet fo"eal

vision wzs used or pgquired Tec make the Alserimination tsetwesn target &
non-target signals.?/ Detection by perinheral vigion izmde o a brief

fixation while tre aignel 1s {dentified as & target or non-target signel
If we take &g the :lzplest caBe where Ociy UArg=t Signals are present 1n LE

e |
sgvend

o».p:

dispiay, only as many fixstions ss there are tergei signals 1ls reqguired.
However, ;ncreasing the aumber of nop-isrget signals in the displey leads to
"mgre viaurl fixatione, ZEvery sigpal pickcd up in peripheral viz;;- loazds o

2 fovval fixatian, Thor if search time is vrimarily dependent uron the time

REs objects in the display would be expected

Jfor Tixetion, increasiag the nimbar
te lead to & lime&r Increasc ia s2ar
w=2 suggested by the obtaired data.

F
h time., Suck & linsar relaticnshi

H 0

Explanations for the effects oh*tained by increaeing the number of parti-
tions of the display are nol remdily apvarent. ‘The increase in searcn time
with increasee in the number of parititions h=s been shown ir the vresent data
tc be due to the effect of the number of partitions per se and not to the
abaolunte gize «f the separate divisions. it is Dossible thet the presencs ol
grid lines ii the display kaes a distracting =ffect upon visual seeicii. .French
{3) has shcvn that irrelevant signsls in & displsy impede the recoimitig: o7
target signals. He has termed this ePfect visual noise cz the anslagy of nolse
in an auditory system, However, labeliing such cffects as visunl nolse 4
not coniribute fo an underctanding of the effects,

gf wWhile goou form discrimination can be obtalned in nerinperail vision oy
trainineg it must be remevbered that the p esent gub Jects were untrained, It
2lgro saem_ ‘ikely that eveon with trai ning, T the task permits, foveal vision

will be used for discriminations in preterence wu peripheral cues.

Q
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4 likely explanation Tor ohe present dala can be of
linea. Grid lines in a display not only hrzak the iisplay uwp into cells end
partiticus, tiley aiso organlze tne d1spley Inte columMng saud rows, This orescizae
tion of the display may be expected to affect the sublect's method of sessch,

it wouid appear thst subjects scau & display by =ither columns O rows when

these are present in the display. Since increasing the pumber of purtitions

ir a display results in an increase jin the number of Colimnag or vowe thet a
subject must scan, a linear relastion wight Le erpecied Letween the mumber of
partitions and the speed of search. The data in Figure 2 go suggest such 2
inear relatioaship.

The findings in the prasent study with vespect to gearch a

vee may well be
an artifact of the method the subjecte were required teo yge iy indica%e that

they bad located a target signal, The siower search obtajineg for the 24 in
sauare Aigplay, as compared with the 1S end 72 1z, 2guare displays,'ma§ i
a chsnge in the perceptual-motor task, It was coservaq that sut Jacts tended to
use eye and head movements to scan the 18 sud 2% in. displaye, meanwhile nolding
the stylus in a fixed position. With the 32 in. difrlay. aybiects tended ta
mcve the stylus beck and Torth across the rows of the diéplay_in synctuc;“ N
with their visval scanning., When the stylus ie beld in » £ixed position.
increazirg the area of the dieplay required longer movepents {n order to’touch
the electrode bencath the signai, EHowever, when the ayes of the display
becowes great encugh, the shift over to a motor scanning sgain reduces the
extent of the required movements once a targei siznei hae peay identified,
uch an interpretation suggests thet visual search, indepengent oF-the motor
regpenss zecesseary to signify locetion, is lergely indepanjent of ¢

epe the display
areas used in the present experiment,

V. SUMMARY

Th: present ciundy vas concerned with the effect of geversl charmcteristics
of visual displisays upon speed ¢f visual search. The tipe required to lorate a

constant number of signals in & square display was Geteruined where (1) ! he
number of irrelevant wignsls was varied from 10 to 70, azng (2) when tthe number
of partitions of the display was varied &ty the use of griq lines, Grid lines
were used tc pertition the display into @ 9 X G, @ 13 x 13, and = 14 x 16 matrix,

- -l v de Ve o
8 840W vnad

The resuit
vant zigpale 1
exnlanatisn we

i -

fixationr Fean

grid lines in

i search time incresses Loth whon the pmher of irrele-

s increased and when the number of partiticps is increased, An
= bt .

s advanced for these effects in terme of the yumber of fovea)
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